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Water Quality Parameters for Future Climate Change
Scenarios

ABSTRACT

The design of Water Sensitive Urban Design (WSUD) is undertaken based on an assumption 
that the water quality parameters obtained based on past climate conditions would be the same 
in the future. However, the change s   to  rainfall characteristics and rainfall patterns due to 
climate change would have a direct and significant impact on pollutant export from catchments 
and the stormwater quality reaching the inlets of WSUD treatment systems. Therefore, not 
considering the impacts of climate change in the estimation of future water quality parameters 
can compromise the targeted treatment efficiency or the amount of pollutants removed by the 
treatment systems in the future.
This study developed a custom model to simulate the  build up and  wash- off  of  total suspended 
solids  from urban  roads  based on event-based rainfall characteristics for both ,  historical and 
future climate change scenarios. The model was used to simulate  typical pollutant processes  
in  urban residential catchments in  coastal and inland southeast Queensland (SEQ) separately 
using historical data and future rainfall data. Four sets of future rainfall data for two climate 
change scenarios (RCP 4.5 (2026-2045), RCP 4.5 (2081-2100), RCP 8.5 (2026-2045), RCP 
8.5 (2081-2100)) were generated by spatially and temporary downscaling EC-EARTH rainfall 
outputs. Bias correction and first-order homogeneous Markov process es  were applied to 
spatially and temporally downscale the rainfall data, respectively. Overall   the pollutant 
exports  from urban  residential  catchments  in southeast queensland  are  expected   to increase in 
future climate change scenarios. 



INTRODUCTION

W ate Sensitive Urban Design (W SUD )  treatment systems are primarily designed to achieve pollutant 
reductions to specified  levels (Wong 2006; BCC & MBW, 2006; Goonetilleke et al., 2014; Mangangka, 
2013). The design for pollutant reductions is generally based on the treatment performance curves 
provided by guidelines (BCC & MBW, 2006). These performance curves are typically generated using 
the Model for Urban Stormwater Improvement Conceptualisation (MUSIC) for smaller urban 
developments.

The treatment performance curves are typically based on observed rainfall data from meteorological 
stations in the region of interest. The observed rainfall events are used to estimate the pollutant levels 
received at the inlet of the treatment systems (Goonetilleke et al., 2014; Zoppou, 2001). This essentially 
implies that the estimation is undertaken for static climate conditions. The impacts of climate change 
on rainfall characteristics and rainfall patterns  such as antecedent dry day conditions, rainfall intensity 
and rainfall durations  are not considered during the estimation of pollutant export and consequently the 
design of WSUD treatment system. However, the change in the rainfall characteristics and rainfall 
pattern would have a direct and significant impact on pollutant  inputs  and  can compromise the targeted 
treatment efficiency or the amount of pollutants removed by the treatment systems  ( Goonetilleke et al., 
2014).

The primary focus of this  study  was to estimate pollutant export from  urban residential catchments  using 
build-up and wash-off replications for different future climate change scenarios. These values were 
compared against the values for present conditions.

METHOD

Study area

Southeast Queensland (SEQ) was selected as the study area for this  investigation . SEQ consists of a 
widespread network of waterways spread across the region.  S tudies on the waterways of SEQ have 
shown that the waterways are highly polluted  due to   the stormwater  pollutants   originating from the 
urban areas of the region (WBD, 2010; BCC & MBM, 2006; Goonetilleke et al., 2005). To counter this, 
SEQ has adopted the holistic approach of Water Sensitive Urban Design in the planning and design of 
urban developments in order to  mitigate   the negative impacts of urbanisation on  its   waterways.  
Accordingly , SEQ has  initiated  a broad implementation of WSUD philosophy in its developments and  
was hence, deemed a suitable study area for this work.

Rasheed et al (2019)  identified   two rainfall homongenious regions across SEQ  using   on event-based 
rainfall  characteristics , namely ,  costal-SEQ and inland-SEQ.  Two representative meteorological 
stations ,  Gold Coast Seaway Station (40764) and Toowoomba Airport stations (41529) were selected  
for the study representing coastal-SEQ and inland-SEQ, respectiviely.

Data

Observed  precipitation  data in pluviographic format (every minute) for the selected meteorological 
stations were collected from the Bureau of Meteorology (BoM) using the online Weather Station 
Directory. The collected data were then subjected to careful quality  check   based on the quality flag 
description provided by BoM.

Future climate data was supplied by  EC-EARTH  Global Circulation Model   ( Hazeleger et al.  2012) . 
The EC-EARCH precipitation data was spatially and temprorlly downscaled at the selected stations for 
RCP4.5 and RCP 8.5 climate change scenarios. The spatial downscalling was based on bias correction 
approach and the temporal downscaling was perfomed based on first order-Markov models. All future 
sceanrios consisted of 10 ensemble of records.

Modelling of pollutant export

A custominsed model was developed to estimate pollutant export of Total Suspended Solids (TSS) from 
urban roads.  TSS is referred to as  an   indicator pollutant as other pollutant concentrations  can be  
estimated as a percentage of TSS  as these pollutants are adsorbed to particulate surfaces  ( Jartun et al., 
2008; Kayhanian et al., 2008; Clark and Pitt, 2009;  Vaze et al., 2000).



Figure 1: Rainfall homogenious regions in southeast Queensland (Adopted from Rasheed
(2018)).

The model consisted of a n  event seperation componet where  it  was designed to identify independent 
rainfall events from the time-series of rainfall data . Then, the pollutant build up and wash of were 
estimated for all the events in the rainfall timeseries as described below.

Event Seperation

Event separation is one of the important components of the model. The model was designed to identify 
independent rainfall events from the time-series of rainfall data. The events were identified based on 
the following assumptions:

 An event was considered independent only if the consecutive event was separated by  a minimu 
of  6-hour antecedent dry period. Otherwise,  the consecutive  events were treated as a single 
event.

 An event that constitutes less than 1mm total rainfall during a period longer than 1-hour was 
not considered as a rainfall event (but a drizzle) and not considered for the analysis

 Any event having erroneous data entries were discarded from the analysis.

Once the independent events were identified, the antecedent dry-days, intensities and the total rainfall 
were determined for each of the rainfall events.

Pollutant Buildup

E stimation of TSS build-up on  a  catchment surface  can be replicated using a  mathematical function  with 
the  underlying parameters used to  simulate  the build-up process. Several  researchers  have proposed 
different mathematical functions to replicate the pollutant build-up process such as reciprocal ,  
logarithmic ,  exponential and power functions. A comprehensive study conducted by  Egodawatta (2007) 
suggested that a power function could replicate the observed pollutant build-up loads  more reliably  
compared to other mathematical functions.  Th e   study  by Egodawatta et al. (2007)  was also consistent 
with a previous investigation by Ball et al. (1998). Hence , in this study, a power equation was used to 
estimate the pollutant build-up as presented in Equation 1.

B = aDb                                                      (1)

Where,  B  is build-up load on surfaces (g/m 2 );  D  is the antecedent dry-days; and  a  and  b  are the build-up 
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coefficients.

The coefficient  a  depends on the urban form in the catchment and coefficient  b  depends on the surface 
properties of the catchment  ( Ball et al., 1998). For this research study,  a  and  b  were determined based 
on the results from Egodawatta (2007). Egodawatta (2007) conducted a small plot-scale study on 
residential road surfaces and concluded that the build-up coefficients ,  a  and  b  can be  taken  as 1.65 and 
0.16, respectively, for  urban  residential catchments.  Accordingly ,  for  this  study , these values were  
adopted to estimate the pollutant build-up.

Pollutant Washoff

The most common  model  used to replicate the wash-off process on a road surface is an exponential  
function  ( S artor et al., 1974; Vaze and Cheiw, 2002; Egodawatta, 2007). However, different rainfall 
and runoff parameters have been suggested as independent variables in the exponential equation. For 
example, Chiew et al. (1997) used runoff volume to estimate the wash-off, whereas Sartor et al. (1974) 
used rainfall intensities to estimate the wash-off. However, Egodawatta (2007) concluded that wash-off 
can be well replicated using the equation proposed by Sartor  et al.  (1974) based on studies conducted in 
Southeast Queensland and accordingly, was used in  th e current   study. The generic format of the 
equation suggested by Sartor et al. (1974) is presented in Equation 2.

W=Wo (1-e-kIt )                                                                   (2)

Where,  W  is the weight of mobilised material after time  t ;  W o  is the initial weight of the  pollutants  on 
the surface; I is the rainfall intensity and k is the wash-off co-efficient. 

The Equation  2 had been developed based on the direct relationship of the weight of material mobilised 
by a storm event to the rainfall intensity, initial weight of the material and the surface characteristics of 
the catchment, assuming that any storm event would have the potential to wash-off all available 
pollutants on the surface. However, Egodawatta (2007) argued that the fraction of pollutant wash-off 
during a storm is always less than 1, suggesting  the inclusion of  a capacity factor,  CF  into the wash-off 
equation as given by Equation 3.

W/Wo =CF (1-e-kIt )                                                        (3)

The capacity factor can be calculated  a s presented in Table   1. However, in the context of climate  change, 
it was expected that for  some  storm events, the rainfall intensities  could   exceed 133mm/hr  (Rasheed ,  
2018) , which  was the highest intensity  investigated  by Egodawatta (2007) to determine the capacity 
factors  proposed . In such cases, it was assumed that the equation given for the 90 to 133 mm/hr range 
is valid even beyond 133 mm/hr rainfall intensity, also suggesting that a complete wash-off of available 
pollutant is possible for such high rainfall intensities. 

Table 1. Capacity factor for different rainfall ranges (adapted from Egodawatta 2007).

Intensity Range

I (mm/hr)

Capacity Factor 

CF

5-40 0.001 I+0.1

40-90 0.5

90-133 0.0098 I-0.38

The wash-off coefficient  k  is an empirical parameter with no physical significance with units mm -1 . 
Wash-off coefficient  k  is typically a site-specific  constant (Millar, 1999). However,  past  studies have 
found the wash-off coefficient is also a function of pollutant type, catchment area, rainfall intensity, 
and catchment slope (Alley 1981; Millar, 1999; Alley and Smith, 1981). Nevertheless, a constant value 
for  k  is used to avoid the complexities  in   the wash-off models. Further, it has been noted that the 
performance of the wash-off models is not significantly compromised with a constant  k  value. 
Accordingly, the wash-off coefficient for  this study was  taken as 0.0008 (Egodawatta 2007; Lui, 2011) 



RESULTS AND DISCUSSION

Build-up and wash-off were calculated for each of the rainfall events for the historical periods  for both 
meteorological  stations . The first ( Q 1 ), second ( Q 2  -median) and third ( Q 3 ) quantiles of the pollutant 
build-up and pollutant wash-off were estimated for the historical periods. Quantiles define the positions 
of the frequency distribution of the estimated pollutant build-up and pollutant wash-off. These indices 
were determined for the historical period and considered as baselines and compared against the future 
pollutant build-up and wash-off for different climate change scenarios.

Two climate change scenarios, RCP 4.5 and RCP 8.5 from EC-EARTH were used to estimate the 
pollutant build-up and pollutant wash-off for the future. Both RCPs consisted of rainfall data for two 
timeframes of near future (2026-2045) and distant future (2081-2100), making  four  sets of data per 
meteorological station. Each of the  four  sets of data comprised of 10 realizations. The quantiles  Q 1 ,  Q 2  
and Q3 were estimated for each of the ensembles. 

Changes in pollutant processes in the Coastal-SEQ

The results of the estimated pollutant build-up and pollutant wash-off and the percentage changes 
compared to the historical data for Coastal-SEQ is presented in Table 2.

Table 2. Pollutant build-up and pollutant wash-off (Gold Coast Seaway station).

Scenarios a. Pollutant build-up (g/m2)

Q1 Q2 Q3

Historical (2002-2015) 1.57 1.82 2.15

RCP 4.5 (2026-2045) 1.69 (8) 2.10 (15) 2.49 (16)

RCP 4.5 (2081-2100) 1.71( 9) 2.13 (17) 2.47 (15)

RCP 8.5 (2026-2045) 1.74 (11) 2.14 (18) 2.50 (16)

RCP 8.5 (2081-2100) 1.74 (11) 2.16 (19) 2.52 (17)

Scenarios b. Pollutant wash-off (Pollutant export) (g/m2)

Q1 Q2 Q3

Historical (2002-2015) 0.28 0.68 2.15

RCP 4.5 (2026-2045) 0.20 (-29) 0.78 (15) 2.81 (31)

RCP 4.5 (2081-2100) 0.21 (-25) 0.74 (9) 2.89 (34)

RCP 8.5 (2026-2045) 0.21 (-25) 0.61 (-10) 2.63 (22)

RCP 8.5 (2081-2100) 0.18 (-36) 0.67 (-2) 2.73 (27)
Note: The values provided in the parenthesis denote the percentage change compared to the historical values.

Table  2 provide s  averaged quantiles (across 10 realizations) of pollutant build-up and pollutant wash- 
off for the historical and future climate change scenarios. The pollutant build-up was  noted  to increase 
across the Coastal-SEQ for both climate change scenarios in the future. The ensemble median of the 
build-up showed an increase of 15%, 17%, 18% and 19% for RCP 4.5 (2026-2045), RCP 4.5 (2081- 
2100), RCP 8.5 (2026-2045) and RCP 8.5 (2081-2100) climate change scenarios, respectively. The 
events with smaller pollutant build-up ( Q 1 ) showed an increase between 8% and 11%, whereas the 
events with higher pollutant build-up ( Q 3 ) showed an increase between 16% and 17%. This can be 
attributed to the increase in antecedent dry days between storm events in the future as presented in  
Table 3.



Table 3. Estimated changes in antecedent dry-days for future climate change scenarios
(Coastal-SEQ)

Scenarios Antecedent drydays (day)

Q1 Q2 Q3

Historical (2002-2015) 0.74 1.91 5.45

RCP 4.5 (2026-2045) 1.26 4.81 13.75

RCP 4.5 (2081-2100) 1.36 5.26 12.80

RCP 8.5 (2026-2045) 1.60 5.55 14.34

RCP 8.5 (2081-2100) 1.75 5.89 14.51

A substantial increase was  noted  in the antecedent dry days for the future storm events. There was 15 to 
21% increase in the future median antecedent dry days compared to the present climatic conditions. 
The antecedent dry day period of a storm event is the primary contributor to the pollutant  build-up (Ball 
et al., 1998; Egodawatta, 2007).  Therefore, the increase in the pollutant build-up for the future climate 
change scenarios can be clearly related to the increase in the antecedent dry days.

On the other hand, the changes in the pollutant wash-off (total pollutant  load  export ed   during a  storm 
event) showed different trends between RCP 4.5 and RCP 8.5 climate change scenarios. The median 
pollutant export was expected to increase by 15% and 9% in the near and distant future, respectively, 
for RCP 4.5 climate change scenario, whereas, the median pollutant export was expected to decrease by 
10% and 2% in the near and distant future, respectively, for RCP 8.5 climate change scenario. However, 
it can be noted that the first quantile events (events with pollutants exports within the first 25% of the 
all events considered), showed a substantial decrease while the third quantile events (events with 
pollutant exports above the first 75% of the all events considered) showed a substantial increase. The 
changes in pollutant export can be explained by the changes in the rainfall patterns, primarily, the 
changes in the rainfall intensities.

Table 4. Estimated changes in maximum rainfall intensities for future climate change scenarios
(Coastal-SEQ)

Scenarios Maximum rainfall intensities (mm/hr)

Q1 Q2 Q3

Historical (2002-2015) 1.93 3.62 7.90

RCP 4.5 (2026-2045) 1.51 3.96 10.61

RCP 4.5 (2081-2100) 1.60 4.08 11.69

RCP 8.5 (2026-2045) 1.51 3.06 9.77

RCP 8.5 (2081-2100) 1.43 3.55 10.72

Table  4 shows the changes in the maximum intensities for different climate change scenarios for 
Coastal-SEQ. The median of the maximum rainfall intensities showed an increase (9% in the near future 
and 13% in the distant future) for RCP 4.5 and showed a decrease (15% in the near future and 2% in 
the distant future) for RCP 8.5. However, the first quartile events showed a substantial decrease and the 
third quantile events showed a substantial increase in the rainfall intensities compared to that of the 
present climatic conditions.

Figure 2  shows the probability distribution of the pollutant exports  representing  10 realizations for 



different climate change scenarios. All realizations have produced similar distributions for pollutant 
exports. The distribution of the pollutant export was intrinsically positive and highly skewed. It can be 
seen from Figure  2  that the future pollutant exports for all climate change scenarios will have higher 
variation compared to the historical pollutant exports. In general, the proportions of the events with  
relatively  smaller pollutant exports were expected to decrease while the events with the higher pollutant 
export are expected to increase in all future climate change scenarios. 

Figure 2. Probability distribution of the pollutant exports.



CONCLUSIONS

A customised event based pulltant export model was developed to estimate Total Suspended Solids 
(TSS) generated from urban residential catchments for future climate change scenarios. The model was 
designed to automatically extract all independent rainfall events from a given rainfall time-series and 
simulate pollutant parameters based on event-based rainfall characteristics. 

For Coastal-SEQ, the median pollutant export  is  expected to increase by 14% and 8% for RCP 4.5 
(2026-2045) and RCP 4.5 (2081-2100), whereas, the median pollutant export for RCP 8.5 (2026-2045) 
and RCP 8. 5 (2081-2100) is expected to decrease by 10% and 1.5%, respectively. 

For Inland-SEQ, the median pollutant export  is  expected to decrease by 13%, 21% and 13% for RCP 
4.5 (2026-2045), RCP 8.5 (2026-2045) and RCP 8.5 (2081-2100) , respectively,  and a slight increase 
for RCP 4.5 (2026-2045). 

Overall, the pollutant export showed a slight change ( an  increase in general)  for  the future climate 
change scenarios due to changes in the rainfall characteristics.
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